INTRODUCTION
Morphological or phenotypic variation may in fact only account for a fraction of the genetic variation that controls heritable differences among species (Stebbirns and Ayala, 1981; Schopf, 1981) or even bring about the act of speciation.
However, paleontology, accustomed to dealing with problems of incompleteness and overcoming inferential hurdles, is founded on comparative morphology.
It not only needs to account for the differences that may distinguish basic units of evolutionary change, but also must attempt to link sequential parts of these changes by statements of similarity; i.e., measured similarity.
The current popularity of the cladistic approach has attracted many to the problem of measured comparison. In fact similarity coefficients derived 'in our present method may be used to express phyletic relationships, although this is not the immediate purpose of this method. in our opinion, many of the present methods based on discrete characters for comparing morphologies suffer from the severe limitations imposed by the categorical imperative, the assumption that character definition is independent of the evolutionary relationship it seeks to describe, and that the characters themselves are as functionally discrete as their definitions suggest.
In this review, we wish to call attention to some of our analytical concerns, such as mentioned above, however, its primary purpose is to describe some recent advances in the statistical estimation of the deformation of shape that graphically utilizes homological congruence in form as a means for morphological comparison.
We believe that such visual and quantitative estimates of morphological change will help to describe evolutionary change.
We will conclude that simultaneous measurement and estimates of difference must be founded on conservative changes in homologous proportions and concepts of functioning design in order to be most successful. Always there is the problem of interpreting the fundamental design elements of organic architecture so that one makes the numbers that represent measurement behave like the curved or irregular pathways of structural equilibria. We realize that practical solutions to construction problems using proportions derived from straight line segments and Euclidian logic existed and were used for defining shape for 2000 years before irrational numbers or the computer came into existence. We, like others, struggle within these constraints. However, we wish to point out the limitations of using conventional cartesian space and suggest theoretical avenues that may help to overcome the age old problem of measuring and comparing curved and crooked objects with straight lines.
LIMITATIONS IN PAST STUDIES
The failure or indecisiveness of many past evolutionary studies in paleontology was in part due to the lack of adequate measurement of changing structure. Structure in this sense includes the consideration of the effect of material on shape as distinguished from that of changing form as a shape abstration. were considered to subsume and differentiate gradual overall trends (Huxley, 1932; Imbrie, 1956; Gould, 1966) . These allometric approaches were expanded into multivariate analogues with the assumption that imperfect sampling would be covered by nonspecificity in either the direct single linkage or pleiotrophic effects of genes (Sneath & Sokal, 1973; Blackith & Reyment, 1971 adaptation. Yet D'Arcy Thompson grids apparently also fail whenever change is substantial; Lull and Gray (1949) found that transitions within the ceratopsian dinosaurs necessitated overly complex or impossible grid deformations.
THETA-RHO ANALYSIS
An alternative technique, Theta-Rho Analysis (the name is derived from vector components) , has been developed to address, identify and deal with the problem of localized deformation. As first proposed (Benson, 1967) , TRA was a coordinate-graphical tool for the study of ostracode shell morphology. Using a standard reference point for the comparison, a conservative muscle-scar or the center of form (the center of gravity of some authors) , all points of interest (shell outline, muscle scars, nodes, etc) were located on a polar coordinate system by their angle from the reference point (using a standard orientation), known as Theta, and the distance along that vector, Rho. The technique was successfully used for comparison of shape changes in fresh-water ostracodes with some taxonomic and ontogenetic trends noted but not quantitatively estimated.
Following this study, a major advance was made by Sneath (1967) who recognized the need for a more rigorous quantitative approach to shape analysis. His technique utilized a number of homologous points (h-points) and those of two morphologies were optimally fit using a least-squares algorithm. Sneath's approach was combined with the original Theta-Rho technique by Benson (1976a Benson ( , 1977 who used constellations of conservative pore-conuli (extensions of the nervous system) in ostracodes as h-points.
The results of the study of the genus Costa (Benson, 1976a,b,c; 1979) helped document the biodynamical (ostracodal)
changes associated with the Messinian salinity crisis.
Theta-Rho analysis has been refined further to its present For ostracodes, the outline is usually digitized using from 300 to 700 points. This process is repeated for each figure or specimen (we are presently using a Tektronix 4052 graphics computer with accessory peripherals). Our analyses usually are made with from seven to twenty specimens. Consequently, the analysist can examine the area of best fit, the area of deformation, or the effect of the whole. The superimposed outlines give further data on the differences of the morphologies. Theoretically, further quantification is possible on these data either by calculating distances between additional homologous points or at standard angle measurements on the outline and/or other features.
This has yet to be applied, however. Localities of either the area of best fit or of deformation can be reexamined quantitatively and separately after the first stage of analysis has been completed.
A least-squares approach will follow the same methodology through step 2. The magnification factor and rotation coefficient, as well as the translated coordinates are all estimated using an algorithm that minimizes the squared differences between the two sets of h-points (Sneath, 1967;  Siegel and Benson, In Press). Obtaining the closest matches in a gradational sequence would therefore indicate progressive deformation. Fig.  6 gives an ostracode example using sexual dimorphs ( Fig. 6a, male; 6b, female). The RPTRA result (Fig.  6d) shows the major region of dimorphy; the elongation of the posterior region to accomodate the larger male reproductive apparatus. In the least-squares results (Fig. 6b) Huffman, et al., 1978; Tobler, 1978) . Similar, though variable, approaches are available in the literature un craniometry (see Walker and Kowalskl, 1971; Bookstein, 1978) . Among the most successful of these types approaches are by Bookstein (1977a,b; and Tobler (1977 Tobler ( , 1978 references therein Benson (1967; Kaesler and Waters, 1972) . Here, Rho distances for evenly spaced intervals of Theta are subjected to a harmonic analysis; cosine waves of varying amplitude and period are fit to the outline of a shape (Davis, 1973 Benson, 1967) in a way similar to the approach of Brower and Veinus (1978) .
Other optical and scanning methods are quite common also and will probably become more so as additional technology becomes available, especially from the medical sciences (automatic cell counters and identifiers, etc). Useful reviews and bibliographies are given in Oxnard (1973 Oxnard ( , 1980 and Bookstein (1978 One final note concerns the stress on choice of characters in the application of any morphometric technique. It is the opinion of the authors that the whole organism is more than just the sum of its parts (see Benson, 1981, In Press B) . Instead, the organismal equivalent of architecture is present (often referred to as "organic" design in architectural engineering).
To properly understand morphology and how it changes, the characters chosen should reflect organically related parts of this architecture and the results interpreted in the light of function.
The principle of similitude should be applied as closely as possible so that the numbers of the analysis that represent proportions behave in a way similar to the structure they represent. For example, the characters analyzed by Brinkmann (1929) 
